Effects of multidisciplinary team working on breast cancer survival : retrospective, comparative, interventional cohort study of 13 722 women by Kesson, Eileen M. et al.
Kesson, Eileen M. and Allardice, Gwen M. and George, W. David and 
Burns, Harry J.G. and Morrison, David S. (2012) Effects of 
multidisciplinary team working on breast cancer survival : retrospective, 
comparative, interventional cohort study of 13 722 women. BMJ (Online), 
344 (7856). ISSN 0959-8138 , http://dx.doi.org/10.1136/bmj.e2718
This version is available at https://strathprints.strath.ac.uk/65138/
Strathprints is  designed  to  allow  users  to  access  the  research  output  of  the  University  of 
Strathclyde. Unless otherwise explicitly stated on the manuscript, Copyright © and Moral Rights 
for the papers on this site are retained by the individual authors and/or other copyright owners. 
Please check the manuscript for details of any other licences that may have been applied. You 
may  not  engage  in  further  distribution  of  the  material  for  any  profitmaking  activities  or  any 
commercial gain. You may freely distribute both the url (https://strathprints.strath.ac.uk/) and the 
content of this paper for research or private study, educational, or not-for-profit purposes without 
prior permission or charge. 
Any correspondence concerning this service should be sent to the Strathprints administrator: 
strathprints@strath.ac.uk
The Strathprints institutional repository (https://strathprints.strath.ac.uk) is a digital archive of University of Strathclyde research 
outputs. It has been developed to disseminate open access research outputs, expose data about those outputs, and enable the 
management and persistent access to Strathclyde's intellectual output.
(IIHFWV RI PXOWLGLVFLSOLQDU\ WHDP ZRUNLQJ RQ EUHDVWFDQFHU VXUYLYDO UHWURVSHFWLYH FRPSDUDWLYHLQWHUYHQWLRQDO FRKRUW VWXG\ RI   ZRPHQ
23(1 $&&(66
(LOHHQ 0 .HVVRQ SURMHFW PDQDJHU   *ZHQ 0 $OODUGLFH VWDWLVWLFLDQ   : 'DYLG *HRUJH VFKRRO RI
PHGLFLQH KRQRUDU\ SURIHVVRU +DUU\ - * %XUQV FKLHI PHGLFDO RIILFHU IRU 6FRWODQG 'DYLG 6 0RUULVRQ
GLUHFWRU 
1+6 *UHDWHU *ODVJRZ DQG &O\GH :HVW +RXVH *DUWQDYHO 5R\DO +RVSLWDO *ODVJRZ 8. :HVWHUQ ,QILUPDU\ *ODVJRZ 6FRWWLVK *RYHUQPHQW
3XEOLF +HDOWK 'LYLVLRQ (GLQEXUJK 8. :HVW RI 6FRWODQG &DQFHU 6XUYHLOODQFH 8QLW ,QVWLWXWH RI +HDOWK DQG:HOOEHLQJ 8QLYHUVLW\ RI *ODVJRZ *ODVJRZ
* 5=
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2EMHFWLYHV 7R GHVFULEH WKH HIIHFW RI PXOWLGLVFLSOLQDU\ FDUH RQ VXUYLYDO
LQ ZRPHQ WUHDWHG IRU EUHDVW FDQFHU
'HVLJQ 5HWURVSHFWLYH FRPSDUDWLYH QRQUDQGRPLVHG LQWHUYHQWLRQDO
FRKRUW VWXG\
6HWWLQJ 1+6 KRVSLWDOV KHDOWK ERDUGV LQ WKH ZHVW RI 6FRWODQG 8.
3DUWLFLSDQWV   SDWLHQWV GLDJQRVHG ZLWK V\PSWRPDWLF LQYDVLYH
EUHDVW FDQFHU EHWZHHQ  DQG  UHVLGLQJ LQ KHDOWK ERDUG DUHDV
LQ WKH ZHVW RI 6FRWODQG    SDWLHQWV ZHUH HOLJLEOH H[FOXGLQJ
 GLDJQRVHV RI LQIODPPDWRU\ FDQFHUV DQG  GLDJQRVHV RI EUHDVW
FDQFHU DW GHDWK
,QWHUYHQWLRQ ,Q  PXOWLGLVFLSOLQDU\ WHDP ZRUNLQJ ZDV LQWURGXFHG LQ
KRVSLWDOV WKURXJKRXW RQH KHDOWK ERDUG DUHD *UHDWHU *ODVJRZ
LQWHUYHQWLRQ DUHD EXW QRW LQ RWKHU KHDOWK ERDUG DUHDV LQ WKH ZHVW RI
6FRWODQG QRQLQWHUYHQWLRQ DUHD
0DLQ RXWFRPHPHDVXUHV %UHDVW FDQFHU VSHFLILF PRUWDOLW\ DQG DOO FDXVH
PRUWDOLW\
5HVXOWV %HIRUH WKH LQWURGXFWLRQ RI PXOWLGLVFLSOLQDU\ FDUH DQDO\VHG WLPH
SHULRG -DQXDU\  WR 6HSWHPEHU  EUHDVW FDQFHU PRUWDOLW\ ZDV
 KLJKHU LQ WKH LQWHUYHQWLRQ DUHD WKDQ LQ WKH QRQLQWHUYHQWLRQ DUHD
KD]DUG UDWLR DGMXVWHG IRU \HDU RI LQFLGHQFH DJH DW GLDJQRVLV DQG
GHSULYDWLRQ   FRQILGHQFH LQWHUYDO  WR  $IWHU
PXOWLGLVFLSOLQDU\ FDUH ZDV LQWURGXFHG WLPH SHULRG 2FWREHU  WR
'HFHPEHU  EUHDVW FDQFHU PRUWDOLW\ ZDV  ORZHU LQ WKH
LQWHUYHQWLRQ DUHD WKDQ LQ WKH QRQLQWHUYHQWLRQ DUHD   WR 
$OO FDXVH PRUWDOLW\ GLG QRW GLIIHU VLJQLILFDQWO\ EHWZHHQ SRSXODWLRQV LQ WKH
HDUOLHU SHULRG EXW ZDV  ORZHU LQ WKH LQWHUYHQWLRQ DUHD WKDQ LQ WKH
QRQLQWHUYHQWLRQDO DUHD LQ WKH ODWHU SHULRG   WR  ,QWHUUXSWHG
WLPH VHULHV DQDO\VHV VKRZHG D VLJQLILFDQW LPSURYHPHQW LQ EUHDVW FDQFHU
VXUYLYDO LQ WKH LQWHUYHQWLRQ DUHD LQ  FRPSDUHG ZLWK WKH H[SHFWHG
VXUYLYDO LQ WKH VDPH \HDU KDG WKH SUHLQWHUYHQWLRQ WUHQG FRQWLQXHG
3  7KLV LPSURYHPHQW ZDV PDLQWDLQHG DIWHU WKH LQWHUYHQWLRQ ZDV
LQWURGXFHG
&RQFOXVLRQ ,QWURGXFWLRQ RI PXOWLGLVFLSOLQDU\ FDUH ZDV DVVRFLDWHG ZLWK
LPSURYHG VXUYLYDO DQG UHGXFHG YDULDWLRQ LQ VXUYLYDO DPRQJ KRVSLWDOV
)XUWKHU DQDO\VLV RI FOLQLFDO DXGLW GDWD IRU PXOWLGLVFLSOLQDU\ FDUH FRXOG
LGHQWLI\ ZKLFK DVSHFWV RI FDUH DUH PRVW DVVRFLDWHG ZLWK VXUYLYDO EHQHILWV
,QWURGXFWLRQ
%UHDVW FDQFHU LV WKH FRPPRQHVW FDQFHU LQ ZRPHQ ZRUOGZLGH
,WV LQFLGHQFH KDV LQFUHDVHG RYHU VHYHUDO GHFDGHV ZKLOH WKH GHDWK
UDWH KDV IDOOHQ EHFDXVH RI LPSURYHG VXUYLYDO  6XUYLYDO KDV
SUREDEO\ LPSURYHG EHFDXVH RI D PL[WXUH RI HDUOLHU GHWHFWLRQ RI
WKH GLVHDVH ERWK WKURXJK VFUHHQLQJ DQG HDUOLHU V\PSWRPDWLF
SUHVHQWDWLRQ ELRORJLFDO FKDQJHV WKDW KDYH PDGH WKH GLVHDVH
PRUH VXVFHSWLEOH WR KRUPRQDO WKHUDS\  DQG LPSURYHG
WUHDWPHQW
7UHDWPHQW RI FDQFHU KDV LQFUHDVLQJO\ EHHQ SURYLGHG ZLWKLQ
FHQWUDOLVHG VSHFLDOLVW PXOWLGLVFLSOLQDU\ WHDPV LQ (XURSH WKH
8QLWHG 6WDWHV DQG $XVWUDOLD 7KHVH WHDPV ZHUH HVWDEOLVKHG
DIWHU REVHUYDWLRQDO HYLGHQFH LGHQWLILHG EHWWHU RXWFRPHV DPRQJ
SDWLHQWV WUHDWHG E\ VSHFLDOLVWV IRU YDULRXV FRPPRQ FDQFHUV
VXFK DV DQ  UHGXFWLRQ LQ ULVN RI GHDWK DPRQJ ZRPHQ
WUHDWHG IRU EUHDVW FDQFHU E\ VSHFLDOLVW VXUJHRQV +RZHYHU LW
UHPDLQV XQFOHDU ZKHWKHU PXOWLGLVFLSOLQDU\ FDUH LPSURYHV FDQFHU
VXUYLYDO DQG ZKHWKHU WKH FRVWV MXVWLI\ FOLQLFDO EHQHILWV
$OWKRXJK DWWHPSWV KDYH EHHQ PDGH WR HVWLPDWH WKH FRVWV RI
PXOWLGLVFLSOLQDU\ WHDPVZH DUH QRW DZDUH RI FRPSDULVRQV ZLWK
FRVWV IRU FRQYHQWLRQDO FDUH
$OWKRXJK VRPH HYLGHQFH KDV VKRZQ LPSURYHG RXWFRPHV LQ
FDQFHU DVVRFLDWHG ZLWK WKH LQWURGXFWLRQ RI PXOWLGLVFLSOLQDU\
FDUH D UHFHQW V\VWHPDWLF UHYLHZ RI  VWXGLHV LQFOXGLQJ ILYH
RQ EUHDVW FDQFHU FRXOG QRW GHWHUPLQH D FDXVDO UHODWLRQ EHWZHHQ
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VXFK FDUH DQG FDQFHU VXUYLYDO IRU WKUHH PDLQ UHDVRQV )LUVWO\
WKH GHILQLWLRQ RI PXOWLGLVFLSOLQDU\ FDUH ZDV LPSUHFLVH DQG
KHWHURJHQHRXV 6HFRQGO\ WKH RXWFRPHV RI PXOWLGLVFLSOLQDU\
FDUH FRXOG KDYH LQGLFDWHG VHOHFWLRQ ELDVHV WRZDUGV SDWLHQWV ZLWK
PRUH IDYRXUDEOH SURJQRVWLF IHDWXUHV UDWKHU WKDQ WUXH WUHDWPHQW
HIIHFWV 7KLUGO\ QR DGMXVWPHQW ZDV PDGH IRU WKH FRQIRXQGLQJ
HIIHFWV RI WHPSRUDO LPSURYHPHQWV LQ VXUYLYDO WKDW PLJKW KDYH
RFFXUUHG ZLWKRXW WKH LQWURGXFWLRQ RI PXOWLGLVFLSOLQDU\ FDUH )RU
H[DPSOH QRQH RI WKH LGHQWLILHG VWXGLHV LQFOXGHG D
FRQWHPSRUDQHRXV FRPSDULVRQ JURXS
,Q WKH HDUO\ V YDULDWLRQV LQ VXUYLYDO DPRQJ KRVSLWDOV
PDQDJHG E\ WKH *UHDWHU *ODVJRZ KHDOWK ERDUG ZHUH UHSRUWHG
WR WKH GLUHFWRU RI SXEOLF KHDOWK +-*% 7KH KRVSLWDO ZLWK
KLJKHVW VXUYLYDO KDG GHOLYHUHG FDUH LQ D PXOWLGLVFLSOLQDU\
PDQQHU $V D UHVXOW PXOWLGLVFLSOLQDU\ WHDPV ZHUH IRUPDOO\
HVWDEOLVKHG LQ 2FWREHU  WKURXJKRXW WKH *UHDWHU *ODVJRZ
KHDOWK ERDUG DUHD ZLWK WKH DLP RI LPSURYLQJ VXUYLYDO DQG
PLQLPLVLQJ YDULDWLRQV DPRQJ KRVSLWDOV 1R VXEVWDQWLDO
UHRUJDQLVDWLRQ RI EUHDVW FDQFHU FDUH WRRN SODFH LQ DUHDV PDQDJHG
E\ RWKHU KHDOWK ERDUGV LQ WKH ZHVW RI 6FRWODQG XQWLO  ZKHQ
QDWLRQDO JXLGDQFH ZDV LQWURGXFHG
:H DLPHG WR GHWHUPLQH ZKHWKHU WKH LQWURGXFWLRQ RI
PXOWLGLVFLSOLQDU\ FDUH DIIHFWHG WKH VXUYLYDO RI ZRPHQZLWK EUHDVW
FDQFHU 0XOWLGLVFLSOLQDU\ WHDPV ZHUH LQWURGXFHG WR *UHDWHU
*ODVJRZ KHDOWK ERDUG DV DQ 1+6 6FRWODQG DUHDZLGH SROLF\ WR
LPSURYH WKH TXDOLW\ RI FDUH 7KHUHIRUH DQ H[SHULPHQWDO VWXG\
GHVLJQ VXFK DV WKH UDQGRPLVDWLRQ RI SDWLHQWV WR KRVSLWDOV
SURYLGLQJ RU QRW SURYLGLQJ PXOWLGLVFLSOLQDU\ FDUH ZRXOG QRW EH
SRVVLEOH :H FRPSDUHG DQ LQWHUYHQWLRQ DUHD WKDW KDG LQWURGXFHG
PXOWLGLVFLSOLQDU\ FDUH ZLWK QHLJKERXULQJ DUHDV ZLWKRXW VXFK
FDUH EHIRUH DQG DIWHU WKH RUJDQLVDWLRQDO FKDQJH:H DGGUHVVHG
WKH OLPLWDWLRQV RI SUHYLRXV VWXGLHV E\ GHILQLQJ WKH FRPSRVLWLRQ
RI D PXOWLGLVFLSOLQDU\ WHDP DW WKH RXWVHW REVHUYLQJ WKH HIIHFW
RI FDUH ZKHUH QR RWKHU PRGHO ZDV DYDLODEOH DQG LQFOXGLQJ D
FRQWHPSRUDQHRXV FRPSDULVRQ SRSXODWLRQ WR DGMXVW IRU WHPSRUDO
LPSURYHPHQWV LQ VXUYLYDO
0HWKRGV
'HVLJQ DQG SDWLHQWV
:H GLG D UHWURVSHFWLYH FRPSDUDWLYH QRQUDQGRPLVHG
LQWHUYHQWLRQDO FRKRUW VWXG\ )URP WKH 6FRWWLVK &DQFHU 5HJLVWU\
ZH VHOHFWHG GDWD IRU DOO LQFLGHQW V\PSWRPDWLF LQYDVLYH EUHDVW
FDQFHUV ,&' LQWHUQDWLRQDO FODVVLILFDWLRQ RI GLVHDVHV ,&'
WK UHYLVLRQ FRGHV &w WR &w GLDJQRVHG EHWZHHQ 
-DQXDU\  DQG  'HFHPEHU  IRU UHVLGHQWV RI KHDOWK
ERDUG DUHDV LQ WKH ZHVW RI 6FRWODQG :H REWDLQHG GDWD IURP WKH
6FRWWLVK &DQFHU 5HJLVWU\ ZKLFK LV D FRPSUHKHQVLYH DFFRXQW RI
DOO LQFLGHQW FDQFHUV JDWKHUHG IURP SDWKRORJ\ KRVSLWDO DQG GHDWK
UHFRUGV DPRQJ RWKHU VRXUFHV 7KH UHJLVWU\ LV OLQNHG E\
SUREDELOLW\ PDWFKLQJ WR GHDWK UHFRUGV IURP WKH *HQHUDO 5HJLVWHU
2IILFH IRU 6FRWODQG DQG KDV D KLJK OHYHO RI DFFXUDF\  3DWLHQWV
ZHUH JURXSHG DFFRUGLQJ WR WKH KHDOWK ERDUG RI GLDJQRVLV 7KH
*UHDWHU *ODVJRZ KHDOWK ERDUG DUHD SRSXODWLRQ   ZDV
WKH LQWHUYHQWLRQ DUHD DQG DUHDV PDQDJHG E\ WKH UHPDLQLQJ KHDOWK
ERDUGV LQ WKH ZHVW RI 6FRWODQG    FRPSULVHG WKH
QRQLQWHUYHQWLRQ DUHD
'DWD IRU WXPRXU VL]H ZDV RQO\ DYDLODEOH LQ WKH 6FRWWLVK &DQFHU
5HJLVWU\ IURP  RQZDUGV ,I GDWD ZHUH DYDLODEOH ZH JURXSHG
WXPRXU VL]H :H FDOFXODWHG DJH DW GLDJQRVLV IRU DOO SDWLHQWV
DQG XVHG IRXU DJH JURXSV \RXQJHU WKDQ  \HDUV ZKLFK LV
FRQVLGHUHG WR EH D SUR[\ IRU SUHPHQRSDXVDO VWDWXV  \HDUV
WKH DJH EDQG DW ZKLFK SDWLHQWV ZRXOG EH LQYLWHG IRU EUHDVW
VFUHHQLQJ  \HDUV HOGHUO\ DQG SRVW VFUHHQLQJ DJH DQG 
\HDUV DQG ROGHU 7KH ROGHVW DJH JURXS KDV EHHQ VKRZQ WR KDYH
VXUYLYDO HTXDO WR WKDW RI \RXQJHU ZRPHQ DIWHU WUHDWPHQW RI EUHDVW
FDQFHU WKH PRVW DSSURSULDWH PDQDJHPHQW LQ WKLV DJH JURXS
DOVR UHPDLQV XQFOHDU
:H LQFOXGHG SDWLHQWV LI WKH\ ZHUH GLDJQRVHG ZLWK EUHDVW FDQFHU
EXW KDG QR RWKHU SULPDU\ FDQFHUV ZHUH UHVLGHQW LQ DQG DWWHQGLQJ
DQ 1+6 KRVSLWDO PDQDJHG E\ RQH RI WKH KHDOWK ERDUGV LQ WKH
ZHVW RI 6FRWODQG DQG ZHUH QRW GLDJQRVHG E\ WKH 1DWLRQDO %UHDVW
6FUHHQLQJ 3URJUDPPH 7XPRXUV GHWHFWHG E\ VFUHHQLQJ
SURJUDPPHV DUH XVXDOO\ DW HDUOLHU VWDJHV ZLWK EHWWHU SURJQRVHV
$OWKRXJK VFUHHQ GHWHFWHG SDWLHQWV PLJKW KDYH EHHQ GLDJQRVHG
E\ WKH SURJUDPPH WKURXJKRXW WKH ZHVW RI 6FRWODQG WKH\ ZHUH
WUHDWHGPDLQO\ LQ WZR KRVSLWDOV PDQDJHG E\ WKH *UHDWHU *ODVJRZ
KHDOWK ERDUG
0XOWLGLVFLSOLQDU\ WHDP LQWHUYHQWLRQ
,Q  PXOWLGLVFLSOLQDU\ WHDP FDUH IRU DOO SDWLHQWV ZLWK EUHDVW
FDQFHU ZDV LQWURGXFHG LQ WKH *UHDWHU *ODVJRZ KHDOWK ERDUG DUHD
LQWHUYHQWLRQ DUHD EXW QRW LQ WKH DUHDV PDQDJHG E\ RWKHU KHDOWK
ERDUGV LQ WKH ZHVW RI 6FRWODQG QRQLQWHUYHQWLRQ DUHD )LYH
PXOWLGLVFLSOLQDU\ WHDPV ZHUH IRUPHG LQ WKH LQWHUYHQWLRQ DUHD
HDFK OHG E\ D VSHFLDOLVW VXUJHRQ SHUIRUPLQJ LQ H[FHVV RI 
RSHUDWLRQV IRU LQYDVLYH EUHDVW FDQFHU HDFK \HDU ,Q  D
PXOWLGLVFLSOLQDU\ WHDPZDV GHILQHG DV D JURXSZLWK WKH IROORZLQJ
FKDUDFWHULVWLFV
Ӵ &RPSULVHG VSHFLDOLVW EUHDVW FDQFHU VXUJHRQV SDWKRORJLVWV
RQFRORJLVWV UDGLRORJLVWV DQG VSHFLDOLVW QXUVHV
Ӵ :RUNHG WR HYLGHQFH EDVHG JXLGHOLQHV ZULWWHQ E\ WKH
VSHFLDOLVW EUHDVW VXUJHRQ ZKRVH SDWLHQWV KDG WKH KLJKHVW
VXUYLYDO UDWHV EHIRUH UHRUJDQLVDWLRQ RI FDUH GHOLYHU\ :'*
Ӵ +HOG ZHHNO\ IRUPDO PHHWLQJV WR GLVFXVV UHVXOWV DQG DJUHH
RQ DGMXYDQW WUHDWPHQW IRU LQGLYLGXDO SDWLHQWV
Ӵ $XGLWHG FOLQLFDO DFWLYLW\ DQG UHSRUWHG UHVXOWV DW UHJXODU
LQWHUYDOV
Ӵ /HDG FOLQLFLDQV IURP HDFK WHDP PHW UHJXODUO\ ZLWK WKH
GLUHFWRU RI SXEOLF KHDOWK +-*% WR GLVFXVV DXGLW UHVXOWV
WKURXJKRXW WKH DUHD ZLWK WKH DLP WR PLQLPLVH GHYLDWLRQV
IURP JXLGHOLQHV DQG YDULDWLRQV LQ SUDFWLFH DQG LPSURYH
TXDOLW\ RI FDUH
'RFWRUV RSHUDWLQJ RQ VPDOO QXPEHUV RXWVLGH WKH ILYH PDLQ
FHQWUHV ZHUH QR ORQJHU DOORZHG WR PDQDJH SDWLHQWV QHHGLQJ FDUH
IRU EUHDVW FDQFHU $V D UHVXOW WKHUH ZDV D GHJUHH RI FHQWUDOLVDWLRQ
RI VHUYLFHV +RZHYHU WKH JHRJUDSKLFDO ORFDWLRQ RI WKH KRVSLWDOV
LQ WKH LQWHUYHQWLRQ DUHD ZDV VXFK WKDW SDWLHQWV GLG QRW KDYH WR
WUDYHO ORQJ GLVWDQFHV WR UHFHLYH FDUH
1R IRUPDO FKDQJH LQ GHOLYHU\ RI FDUH ZDV LQWURGXFHG LQ WKH
QRQLQWHUYHQWLRQ DUHD SDWLHQWV FRQWLQXHG WR UHFHLYH FDUH DORQJ
PRUH WUDGLWLRQDO DSSURDFKHV ZLWK VXUJHRQV PDNLQJ XQLODWHUDO
GHFLVLRQV UHJDUGLQJ VXUJHU\ DQG DGMXYDQW WUHDWPHQW ,Q 
6FRWWLVK JXLGDQFH ZDV LVVXHG RQ WKH UHRUJDQLVDWLRQ RI FDQFHU
FDUH ,Q  VHUYLFHV WKURXJKRXW WKH FRXQWU\ EHJDQ WR
IRUP PDQDJHG FOLQLFDO QHWZRUNV RI ZKLFK PXOWLGLVFLSOLQDU\
FDUH ZDV D FRPSRQHQW 7KXV WKHUH ZDV XQOLNHO\ WR EH D FOHDU
GLIIHUHQFH LQ WKH XVH RI PXOWLGLVFLSOLQDU\ FDUH ZLWKLQ WKH ZHVW
RI 6FRWODQG 1+6 DUHD DIWHU 
6RFLRHFRQRPLF FLUFXPVWDQFHV
6RFLRHFRQRPLF VWDWXV ZDV LQIHUUHG IRU DOO SDWLHQWV RQ WKH EDVLV
RI WKHLU DUHD RI UHVLGHQFH DW WKH WLPH RI GLDJQRVLV XVLQJ D
GHSULYDWLRQ FDWHJRU\ VFRUH ZKLFK LV D YDOLGDWHG VHYHQ FDWHJRU\
RUGLQDO VFRUH WKDW UDQNV DOO SRVWFRGH VHFWRUV IURP  PRVW
DIIOXHQW WR  PRVW GHSULYHG XVLQJ IRXU FHQVXV YDULDEOHV WKDW
KDYH EHHQ VKRZQ WR EHVW FRUUHODWH ZLWK KHDOWK RXWFRPHV FDU
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RZQHUVKLS PDOH XQHPSOR\PHQW RFFXSDWLRQDO VRFLDO FODVVHV ,9
DQG 9 VHPLVNLOOHG DQG XQVNLOOHG RFFXSDWLRQV UHVSHFWLYHO\
DQG RYHUFURZGLQJ :H JURXSHG VFRUHV IXUWKHU LQWR WKUHH
FRQYHQWLRQDO FDWHJRULHV DIIOXHQW VFRUHV  DQG  LQWHUPHGLDWH
 WR  DQG GHSULYHG  DQG  'DWD IURP WKH  FHQVXV
VKRZHG WKDW  RI SHRSOH LQ WKH LQWHUYHQWLRQ DUHD OLYHG LQ DUHDV
FODVVLILHG DV PRVW GHSULYHG VFRUHV  DQG  FRPSDUHG ZLWK
 RI UHVLGHQWV LQ WKH QRQLQWHUYHQWLRQ DUHD
6WDWLVWLFDO PHWKRGV
:H XVHG XQLYDULDWH DQDO\VHV WR H[DPLQH GLIIHUHQFHV LQ VXUYLYDO
WUHQGV EHWZHHQ WKH LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ DUHDV IRU
WZR WLPH SHULRGV IURP -DQXDU\  WR 6HSWHPEHU  DQG
IURP 2FWREHU  WR 'HFHPEHU  :KHUH DSSURSULDWH ZH
XVHG Ɍ DQG W WHVWV WR FDOFXODWH DQ\ VLJQLILFDQW GLIIHUHQFHV LQ DJH
GHSULYDWLRQ DQG WXPRXU VL]H ,I QHHGHG ZH WUDQVIRUPHG GDWD
WR D ORJ VFDOH WR VDWLVI\ WKH DVVXPSWLRQ IRU WKH W WHVW
:H GHILQHG VXUYLYDO DV WLPH IURP LQFLGHQFH RI EUHDVW FDQFHU WR
WKH HDUOLHU RI GDWH RI GHDWK RU GDWH RI FHQVRULQJ 3DWLHQWV
GLDJQRVHG LQ WKH HDUOLHU SHULRG ZHUH FHQVRUHG DW  6HSWHPEHU
 DQG WKRVH GLDJQRVHG LQ WKH ODWHU SHULRG ZHUH FHQVRUHG DW
 'HFHPEHU  WR UHPRYH DQ\ HIIHFWV RI GLIIHUHQWLDO
IROORZXS WLPHV EHWZHHQ WKH WZR SHULRGV 'HDWKV GXH WR EUHDVW
FDQFHU ZHUH FODVVLILHG DV SDWLHQWV ZLWK D PDLQ FDXVH RI GHDWK
FRGHG E\ WKH 6FRWWLVK &DQFHU 5HJLVWU\ DV ,&' FRGHV  WR
 RU ,&' FRGHV & WR &
:H GLG DQ DQDO\VLV RI DQ LQWHUUXSWHG WLPH VHULHV WR LQYHVWLJDWH
WKH HIIHFW RI WKH LQWHUYHQWLRQ ZKLOH DGMXVWLQJ IRU WUHQGV LQ
VXUYLYDO EHIRUH WKH LQWHUYHQWLRQ 2XU DQDO\VLV GLG QRW LQFOXGH
SDWLHQWV ZLWK D GDWH RI LQFLGHQFH LQ  WKH \HDU WKH
LQWHUYHQWLRQ ZDV LQWURGXFHG :H XVHG VXUYLYDO DW ILYH \HDU
IROORZXS DIWHU GLDJQRVLV DV WKH RXWFRPH PHDVXUH
:H GLG PXOWLYDULDEOH DQDO\VHV XVLQJ &R[%픀s SURSRUWLRQDO KD]DUGV
PRGHOV WR H[DPLQH GLIIHUHQFHV LQ VXUYLYDO DGMXVWHG IRU DJH
GHSULYDWLRQ DQG \HDU RI LQFLGHQFH EHWZHHQ WKH LQWHUYHQWLRQ
DQG QRQLQWHUYHQWLRQ DUHDV IRU HDFK WLPH SHULRG 7KH DQDO\VLV
DOVR FDOFXODWHG RXWFRPHV LQ UHODWLRQ WR EUHDVW FDQFHU PRUWDOLW\
DQG DOO FDXVH PRUWDOLW\
:H XVHG IXQQHO SORWV WR FRPSDUH ILYH \HDU VXUYLYDO EHWZHHQ
KRVSLWDOV )XQQHO SORWV DUH FRQWURO FKDUWV LQ ZKLFK WKH HYHQW RI
LQWHUHVW LV SORWWHG DJDLQVW D PHDVXUH RI LWV SUHFLVLRQ /LPLWV IRU
WKH IXQQHO SORWV ZHUH EDVHG RQ :LOVRQ%픀s IRUPXOD IRU ELQRPLDO
FRQILGHQFH LQWHUYDOV :H SORWWHG EUHDVW FDQFHU VXUYLYDO DW ILYH
\HDUV IRU HDFK KRVSLWDO DJDLQVW WKH QXPEHU RI SDWLHQWV GLDJQRVHG
ZLWK EUHDVW FDQFHU LQ WKDW KRVSLWDO 7R FRPSDUH VXUYLYDO EHWZHHQ
KRVSLWDOV RQO\ RQH LQYHVWLJDWRU '60 NQHZ WKH FRGH LQGLFDWLQJ
ZKLFK KRVSLWDOV FRPSULVHG WKH LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ
DUHDV +RVSLWDOV ZLWK IHZHU WKDQ  SDWLHQWV GLDJQRVHG LQ HDFK
ILYH \HDU WLPH SHULRG ZHUH H[FOXGHG IURP WKH IXQQHO SORWV 7KLV
H[FOXVLRQ DYRLGHG WKH UDQJH RI WKH \ D[LV VFDOH EHLQJ WRR ODUJH
WR GLVWLQJXLVK GLIIHUHQFHV EHWZHHQ KRVSLWDOV ZLWK ODUJHU YROXPHV
:H GLG DOO DQDO\VHV XVLQJ 6WDWD YHUVLRQ  VRIWZDUH
5HVXOWV
2I   SDWLHQWV UHYLHZHG ZH H[FOXGHG   SDWLHQWV ZHUH
GLDJQRVHG ZLWK LQIODPPDWRU\ FDQFHU ,&' IRU 2QFRORJ\ QG
HGLWLRQ FRGH 0 VHYHQ SDWLHQWV LQ WKH LQWHUYHQWLRQ DUHD
QLQH LQ WKH QRQLQWHUYHQWLRQ DUHD DQG  ZHUH GLDJQRVHG RQO\
DW GHDWK GHDWK FHUWLILFDWH RQO\   2I   ZRPHQ LQ
WKH VWXG\ SRSXODWLRQ   ZHUH LQ WKH LQWHUYHQWLRQ
DUHD DQG   LQ WKH QRQLQWHUYHQWLRQ DUHD 7DEOH দ
GHVFULEHV SDWLHQW FKDUDFWHULVWLFV
$JH UDQJHG IURP  WR  \HDUV PHDQ  \HDUV VWDQGDUG
GHYLDWLRQ  W WHVWV RI WUDQVIRUPHG GDWD VKRZHG WKDW DJHV
ZHUH VLPLODU EHWZHHQ WKH LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ
DUHDV ERWK EHIRUH DQG DIWHU LQWURGXFWLRQ RI WKH LQWHUYHQWLRQ :H
IRXQG D VLJQLILFDQW GLIIHUHQFH LQ GHSULYDWLRQ 3 EHWZHHQ
WKH LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ DUHDV ERWK EHIRUH DQG
DIWHU WKH LQWHUYHQWLRQ +RZHYHU GHSULYDWLRQ KDG QRW FKDQJHG
VLJQLILFDQWO\ LQ HLWKHU DUHD RYHU WLPH ,Q ERWK WLPH SHULRGV PRUH
SDWLHQWV LQ WKH LQWHUYHQWLRQ DUHD WKDQ LQ WKH QRQLQWHUYHQWLRQ
DUHD OLYHG LQ WKH PRVW GHSULYHG DUHDV 'DWD IRU WXPRXU VL]H ZDV
DYDLODEOH IURP  RQZDUGV RQO\ DYDLODEOH GDWD VKRZHG D
PHDQ WXPRXU VL]H RI  PP VWDQGDUG GHYLDWLRQ  W WHVWV
RI WUDQVIRUPHG GDWD VKRZHG WKDW WXPRXU VL]H ZDV VLPLODU LQ ERWK
WKH LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ DUHDV
6XUYLYDO
%\ WKH HQG RI WKH IROORZXS SHULRG VHYHQ \HDUV IURP WKH HQG
RI HDFK WLPH SHULRG   VWXG\ SDWLHQWV KDG GLHG RI
EUHDVW FDQFHU DQG   KDG GLHG RYHUDOO %UHDVW FDQFHU
VXUYLYDO DW ILYH \HDUV LQ WKH WLPH SHULRG EHIRUH LQWURGXFWLRQ RI
PXOWLGLVFLSOLQDU\ FDUH ZDV  Q  LQ WKH LQWHUYHQWLRQ
DUHD DQG  Q  LQ WKH QRQLQWHUYHQWLRQ DUHD 7KHVH
SURSRUWLRQV URVH WR  Q  DQG  Q 
UHVSHFWLYHO\ LQ WKH WLPH SHULRG DIWHU WKH LQWHUYHQWLRQ ZDV
LQWURGXFHG 2YHUDOO VXUYLYDO DW ILYH \HDUV LQ WKH HDUOLHU WLPH
SHULRG ZDV  Q  LQ WKH LQWHUYHQWLRQ DUHD DQG 
Q  LQ WKH QRQLQWHUYHQWLRQ DUHD 7KHVH SURSRUWLRQV URVH
WR  Q  DQG  Q  UHVSHFWLYHO\ LQ WKH
ODWHU WLPH SHULRG
2XU DQDO\VLV XVLQJ DQ LQWHUUXSWHG WLPH VHULHV ZDV EDVHG RQ EUHDVW
FDQFHU VXUYLYDO DW ILYH \HDUV DQG RPLWWHG SDWLHQWV ZLWK DQ
LQFLGHQW FDQFHU LQ  ILJ দ 7KH DQDO\VLV VKRZHG D
VLJQLILFDQW LPSURYHPHQW 3  LQ VXUYLYDO LQ WKH LQWHUYHQWLRQ
DUHD LQ  FRPSDUHG ZLWK WKH H[SHFWHG VXUYLYDO LQ WKDW \HDU
KDG WKH SUHLQWHUYHQWLRQ WUHQG FRQWLQXHG%팀tKDW LV KDG WKH
LQWHUYHQWLRQ QRW EHHQ LQWURGXFHG :H VDZ QR FRUUHVSRQGLQJ
LPSURYHPHQW LQ VXUYLYDO DPRQJ SDWLHQWV LQ WKH QRQLQWHUYHQWLRQ
DUHD 3  2YHUDOO VXUYLYDO DOVR GLG QRW LPSURYH LQ 
LQ HLWKHU WKH LQWHUYHQWLRQ RU QRQLQWHUYHQWLRQ DUHD 7KH
LQWURGXFWLRQ RI WKH PXOWLGLVFLSOLQDU\ DSSURDFK LQLWLDOO\ KDG D
VLJQLILFDQW SRVLWLYH LPSDFW RQ EUHDVW FDQFHU VXUYLYDO DW ILYH
\HDUV RQ LQFLGHQW FDQFHUV LQ  DQG WKLV LPSDFW ZDV
PDLQWDLQHG ILJ  :H VDZ D VLPLODU SDWWHUQ LQ RYHUDOO VXUYLYDO
DW ILYH \HDUV EXW WKH FKDQJHV ZHUH QRW VLJQLILFDQW
7DEOH দ VKRZV WKH PXOWLYDULDEOH VXUYLYDO DQDO\VHV XVLQJ D
&R[%픀s SURSRUWLRQDO KD]DUGV PRGHO WKDW ZDV DGMXVWHG IRU DJH
GHSULYDWLRQ DQG \HDU RI LQFLGHQFH
%UHDVW FDQFHU PRUWDOLW\
%HIRUH PXOWLGLVFLSOLQDU\ FDUH ZDV LQWURGXFHG LQ  EUHDVW
FDQFHU PRUWDOLW\ ZDV KLJKHU LQ WKH LQWHUYHQWLRQ DUHD WKDQ LQ WKH
QRQLQWHUYHQWLRQ DUHD KD]DUG UDWLR   FRQILGHQFH LQWHUYDO
 WR  WDEOH  $IWHU WKH LQWHUYHQWLRQ ZDV LQWURGXFHG
PRUWDOLW\ ZDV VLJQLILFDQWO\ ORZHU LQ WKH LQWHUYHQWLRQ DUHD WKDQ
LQ WKH QRQLQWHUYHQWLRQ DUHD   WR  $QRWKHU &R[
PRGHO VKRZHG D VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ WLPH SHULRG DQG
LQWHUYHQWLRQ DUHD 3 LQGLFDWLQJ WKDW PRUWDOLW\ GLIIHUHG
VLJQLILFDQWO\ EHWZHHQ WKH LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ
DUHDV RYHU WLPH 6XEJURXS DQDO\VHV E\ DJH JURXS VKRZHG WKDW
WKH HIIHFW RI WKH LQWHUYHQWLRQ ZDV VWURQJHVW LQ SDWLHQWV DJHG 
\HDUV DQG ROGHU 3  DQG VLJQLILFDQW DOVR LQ SDWLHQWV DJHG
 \HDUV 3  :H VDZ QR VLJQLILFDQW HIIHFWV LQ HLWKHU
RI WKH \RXQJHU DJH JURXSV
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$OO FDXVH PRUWDOLW\
:H VDZ QR VLJQLILFDQW GLIIHUHQFH LQ DOO FDXVH PRUWDOLW\ EHWZHHQ
LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ DUHDV LQ WKH HDUOLHU WLPH SHULRG
EHIRUH PXOWLGLVFLSOLQDU\ FDUH ZDV LQWURGXFHG KD]DUG UDWLR 
 FRQILGHQFH LQWHUYDO  WR  WDEOH  +RZHYHU LQ WKH
ODWHU WLPH SHULRG PRUWDOLW\ ZDV  ORZHU LQ WKH LQWHUYHQWLRQ
DUHD WKDQ LQ WKH QRQLQWHUYHQWLRQ DUHD   WR  $V
ZLWK EUHDVW FDQFHU PRUWDOLW\ WKH HIIHFW RI WKH LQWHUYHQWLRQ RQ
DOO FDXVH PRUWDOLW\ GLIIHUHG VLJQLILFDQWO\ LQ ERWK WKH LQWHUYHQWLRQ
DQG QRQLQWHUYHQWLRQ DUHDV 3  6XEJURXS DQDO\VHV E\
DJH JURXS VKRZHG D OHVV FOHDU SDWWHUQ IRU DOO FDXVH PRUWDOLW\
WKDQ WKDW VHHQ IRU EUHDVW FDQFHU PRUWDOLW\ +RZHYHU WKH HIIHFW
RI WKH LQWHUYHQWLRQ ZDV PRVW VLJQLILFDQW LQ SDWLHQWV DJHG 
\HDUV RU ROGHU 3  WKLV HIIHFW ZDV QRW VHHQ LQ DQ\ RWKHU
DJH JURXS
)XQQHO SORW DQDO\VLV
:H XVHG IXQQHO SORWV WR FRPSDUH EUHDVW FDQFHU VXUYLYDO DW ILYH
\HDUV DPRQJ KRVSLWDOV EHIRUH DQG DIWHU WKH LQWURGXFWLRQ RI WKH
LQWHUYHQWLRQ LQ  ILJ দ $ VHSDUDWH IXQQHO SORW ZDV FUHDWHG
IRU HDFK WLPH SHULRG ,Q WKH HDUOLHU WLPH SHULRG ZH SORWWHG EUHDVW
FDQFHU VXUYLYDO IRU HLJKW KRVSLWDOV LQ WKH LQWHUYHQWLRQ DUHD DQG
 KRVSLWDOV LQ WKH QRQLQWHUYHQWLRQ DUHD 7KH QXPEHU RI SDWLHQWV
GLDJQRVHG SHU KRVSLWDO UDQJHG IURP  WR  LQ WKH LQWHUYHQWLRQ
DUHD DQG IURP  WR  LQ WKH QRQLQWHUYHQWLRQ DUHD 2YHUDOO
PHDQ VXUYLYDO DW ILYH \HDU IROORZXS ZDV  UDQJH
 LQ WKH LQWHUYHQWLRQ DUHD  LQ WKH
QRQLQWHUYHQWLRQ DUHD 7KUHH RI HLJKW KRVSLWDOV LQ WKH
LQWHUYHQWLRQ DUHD ZHUH EHORZ WKH  FRQILGHQFH OLPLW DQG WZR
ZHUH DERYH 1RQH RI WKH QRQLQWHUYHQWLRQ KRVSLWDOV ZDV EHORZ
WKH  FRQILGHQFH OLPLW EXW WZR ZHUH DERYH
,Q WKH ODWHU WLPH SHULRG ZH SORWWHG EUHDVW FDQFHU VXUYLYDO IRU
ILYH KRVSLWDOV LQ WKH LQWHUYHQWLRQ DUHD DQG  KRVSLWDOV LQ WKH
QRQLQWHUYHQWLRQ DUHD 7KH QXPEHU RI SDWLHQWV GLDJQRVHG SHU
KRVSLWDO UDQJHG IURP  WR  LQ WKH LQWHUYHQWLRQ DUHD DQG
IURP  WR  LQ WKH QRQLQWHUYHQWLRQ DUHD 2YHUDOO PHDQ
VXUYLYDO DW ILYH \HDUV GXULQJ WKLV SHULRG  ZDV KLJKHU
WKDQ WKDW GXULQJ WKH HDUOLHU WLPH SHULRG ZLWK OHVV YDULDWLRQ
DPRQJ KRVSLWDOV UDQJH  LQ WKH LQWHUYHQWLRQ DUHD
 LQ WKH QRQLQWHUYHQWLRQ DUHD $OO KRVSLWDOV LQ WKH
LQWHUYHQWLRQ DUHD OD\ ZLWKLQ WKH  FRQILGHQFH OLPLW 2QH
KRVSLWDO LQ WKH QRQLQWHUYHQWLRQ DUHD ZDV DERYH WKH 
FRQILGHQFH OLPLW DQG WKUHH ZHUH EHORZ WKH OLPLW
'LVFXVVLRQ
0DLQ ILQGLQJV
:H IRXQG WKDW WKH LQWURGXFWLRQ RI WHDPV SURYLGLQJ
PXOWLGLVFLSOLQDU\ FDUH IRU WKH WUHDWPHQW RI EUHDVW FDQFHU ZDV
DVVRFLDWHG ZLWK  ORZHU EUHDVW FDQFHU PRUWDOLW\ DW ILYH \HDUV
DQG  ORZHU DOO FDXVH PRUWDOLW\ DW ILYH \HDUV FRPSDUHG ZLWK
VLPLODU SDWLHQWV WUHDWHG LQ QHLJKERXULQJ DUHDV RYHU WKH VDPH
WLPH SHULRG 7KH LQWURGXFWLRQ RI WKLV LQWHUYHQWLRQ ZDV DOVR
DVVRFLDWHG ZLWK D UHGXFWLRQ LQ WKH QXPEHU RI KRVSLWDOV WUHDWLQJ
EUHDVW FDQFHU UHGXFHG YDULDWLRQ LQ VXUYLYDO UDWHV DPRQJ
KRVSLWDOV DQG WKH UHRUJDQLVDWLRQ RI EUHDVW FDQFHU FDUH DZD\
IURP KRVSLWDOV ZLWK WKH SRRUHVW VXUYLYDO RXWFRPHV 2XU XVH RI
D FRQWHPSRUDQHRXV FRPSDULVRQ JURXS VXJJHVWV WKDW WKH EHQHILWV
RI PXOWLGLVFLSOLQDU\ FDUH H[FHHGHG WKRVH WKDW ZRXOG RWKHUZLVH
KDYH RFFXUUHG RZLQJ WR RQJRLQJ LPSURYHPHQWV LQ WUHDWPHQW RI
EUHDVW FDQFHU
7KH HIIHFW VL]H ZDV RI D VLPLODU PDJQLWXGH WR WKDW IRXQG E\
*LOOLV DQG +ROH EHWZHHQ VSHFLDOLVW DQG QRQVSHFLDOLVW EUHDVW
FDQFHU VXUJHRQV %HIRUH WKH LQWURGXFWLRQ RI PXOWLGLVFLSOLQDU\
WHDPV LQ WKH SUHVHQW VWXG\ SDWLHQWV ZLWK EUHDVW FDQFHU LQ WKH
LQWHUYHQWLRQ DUHD ZHUH WUHDWHG E\ D PL[WXUH RI VSHFLDOLVW DQG
QRQVSHFLDOLVW VXUJHRQV VR LW PLJKW EH H[SHFWHG WKDW RQO\PRGHVW
LPSURYHPHQWV LQ VXUYLYDO ZRXOG KDYH EHHQ DFKLHYHG E\
LQWURGXFLQJ VXUJHU\ E\ VSHFLDOLVWV DORQH $OWKRXJK HYLGHQFH
VXJJHVWV WKDW EHWWHU ORFDO DQG UHJLRQDO WUHDWPHQW RI GLVHDVH E\
VSHFLDOLVW VXUJHRQV H[SODLQV VRPH RI WKHLU VXUYLYDO DGYDQWDJH
WKH VXUYLYDO DGYDQWDJH RI WUHDWPHQW ZLWKLQ D PXOWLGLVFLSOLQDU\
WHDP LV XQOLNHO\ WR EH H[SODLQHG E\ VXUJLFDO VSHFLDOLVDWLRQ DORQH
2XU UHVXOWV VXJJHVW DQ %�ePSLULFDO LQGXFWLRQ SHULRG%? LQ WKH
LQWHUYHQWLRQ DUHD GXULQJ ZKLFK VXUYLYDO FRQWLQXHG WR LQFUHDVH
VKDUSO\ EHWZHHQ  DQG 
6WUHQJWKV DQG ZHDNQHVVHV RI WKH VWXG\
7KLV QRQUDQGRPLVHG LQWHUYHQWLRQ VWXG\ FRPSDUHG DQ
H[SHULPHQWDO LQWHUYHQWLRQ ZLWK QR LQWHUYHQWLRQ $OWKRXJK LW GLG
QRW KDYH WKH VWUHQJWK RI D UDQGRPLVHG FRQWUROOHG WULDO WKDW VWXG\
GHVLJQ ZDV QR ORQJHU SRVVLEOH EHFDXVH RI WKH SUROLILF
LQWURGXFWLRQ RI WKH PXOWLGLVFLSOLQDU\ DSSURDFK RI FDUH 7KH
SULQFLSDO OLPLWDWLRQ RI RXU VWXG\ ZDV WKDW WKH REVHUYHG
GLIIHUHQFHV LQ VXUYLYDO DIWHU WKH LQWURGXFWLRQ RI PXOWLGLVFLSOLQDU\
FDUH LQ WKH LQWHUYHQWLRQ DUHD PLJKW KDYH EHHQ GXH WR VHOHFWLRQ
ELDVHV RU FRQIRXQGLQJ IDFWRUV
$OWKRXJK D IHZ SDWLHQWV LQ RXU VWXG\ PLJKW KDYH GLHG RXWVLGH
WKH 8. DQG KDG EHHQ DVVXPHG WR EH DOLYH ZH KDYH QR UHDVRQ
WR EHOLHYH WKDW WKLV ZDV PRUH OLNHO\ WR RFFXU LQ WKH LQWHUYHQWLRQ
DUHD WKDQ WKH QRQLQWHUYHQWLRQ DUHD 6HOHFWLRQ FULWHULD ZHUH
DSSOLHG LQ WKH VDPH ZD\ WR DOO KHDOWK ERDUG DUHDV%팀tKHUHIRUH
GLIIHUHQWLDO VHOHFWLRQ RI SDWLHQWV ZLWK OHVV DGYDQFHG GLVHDVH LQ
WKH LQWHUYHQWLRQ DUHD DIWHU 6HSWHPEHU  VHHPV XQOLNHO\
,QGHHG ZKHUH GDWD IRU WXPRXU VL]H ZHUH DYDLODEOH SDWLHQWV LQ
WKH LQWHUYHQWLRQ DUHD KDG VLPLODU VL]HV RI WXPRXUV WR WKRVH LQ
WKH QRQLQWHUYHQWLRQ DUHD
:H H[FOXGHG DOO SDWLHQWV ZLWK VFUHHQ GHWHFWHG FDQFHUV EHFDXVH
WKH\ ZHUH WUHDWHG DOPRVW H[FOXVLYHO\ ZLWKLQ WKH LQWHUYHQWLRQ
DUHD DQG VXFK FDQFHUV WHQG WR EH OHVV DGYDQFHG DQG OHVV
DJJUHVVLYH ,W LV SRVVLEOH WKDW SDWLHQWV WUHDWHG LQ WKH LQWHUYHQWLRQ
DUHD SUHVHQWHG ZLWK OHVV DGYDQFHG GLVHDVH DIWHU 6HSWHPEHU 
+RZHYHU ZH KDYH QR UHDVRQ WR VXVSHFW WKLV DQG DYDLODEOH GDWD
GR QRW VXSSRUW WKLV H[SODQDWLRQ
:RPHQ IURPPRUH DIIOXHQW DUHDV KDYH FRQVLVWHQWO\ EHHQ VKRZQ
WR KDYH EHWWHU VXUYLYDO IURP EUHDVW FDQFHU WKDQ WKRVH IURP OHVV
DIIOXHQW DUHDV  EXW WKH LPSURYHPHQW ZDV REVHUYHG HYHQ DIWHU
DGMXVWLQJ IRU GHSULYDWLRQ 2WKHU FRQFXUUHQW FKDQJHV LQ KHDOWKFDUH
VHUYLFHV QRW DWWULEXWDEOH WR WKH LQWHUYHQWLRQ FRXOG KDYH RFFXUUHG
DIWHU  +RZHYHU ZH DUH QRW DZDUH RI GLIIHUHQFHV LQ
DYDLODELOLW\ RI GLDJQRVWLF RU WUHDWPHQW VHUYLFHV EHWZHHQ KHDOWK
ERDUG DUHDV LQ WKH ZHVW RI 6FRWODQG LQ  1R RWKHU
PDMRU LQWHUYHQWLRQV HLWKHU ORFDO RU QDWLRQDO ZHUH LQWURGXFHG
GXULQJ WKDW WLPH :H DUH QRW DZDUH RI DQ\ IRUPDO DUUDQJHPHQWV
WR LQWURGXFH PXOWLGLVFLSOLQDU\ FDUH LQ WKH QRQLQWHUYHQWLRQ DUHD
DIWHU  EXW ZH GR NQRZ WKDW WUDLQHH VXUJHRQV LQ WKH
LQWHUYHQWLRQ DUHD LQ WKH HDUO\ V WRRN XS FRQVXOWDQW SRVWV LQ
RWKHU SDUWV RI 6FRWODQG 7KHUHIRUH LPSURYHPHQWV LQ VXUJLFDO
SUDFWLFH FRXOG KDYH RFFXUUHG LQ WKH QRQLQWHUYHQWLRQ DUHD DV D
UHVXOW RI PXOWLGLVFLSOLQDU\ ZRUNLQJ 6XFK DQ HIIHFW ZRXOG
DWWHQXDWH UDWKHU WKDQ LQFUHDVH WKH WUXH HIIHFWV RI PXOWLGLVFLSOLQDU\
FDUH E\ LQWURGXFLQJ VRPH PLVFODVVLILFDWLRQ RI LQWHUYHQWLRQ DQG
QRQLQWHUYHQWLRQ DUHDV
6WUHQJWKV DQGZHDNQHVVHV LQ UHODWLRQ WR RWKHUVWXGLHV
&RPSDULVRQV KDYH EHHQPDGH EHWZHHQ FRQWHPSRUDQHRXV JURXSV
RI SDWLHQWV JLYHQ PXOWLGLVFLSOLQDU\ RU FRQYHQWLRQDO WUHDWPHQW
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ZLWKLQ WKH VDPH JHRJUDSKLFDO DUHD +RZHYHU WKH
PXOWLGLVFLSOLQDU\ DSSURDFK SUREDEO\ VHOHFWV SDWLHQWV ZLWK
GLIIHUHQW SURJQRVWLF IDFWRUV IURP WKH HQWLUH SDWLHQW SRSXODWLRQ
LQWURGXFLQJ SRWHQWLDO VHOHFWLRQ ELDVHV 3DWLHQWV WUHDWHG E\ D
PXOWLGLVFLSOLQDU\ WHDP DUH DOVR OLNHO\ WR XQGHUJR PRUH
LQYHVWLJDWLRQV DQG EH VXEMHFW WR DGGLWLRQDO FOLQLFDO DXGLWV VR
WKDW LQIRUPDWLRQ DERXW WKHLU KHDOWK DQG RXWFRPHV PLJKW GLIIHU
V\VWHPDWLFDOO\ IURP WKRVH RI SDWLHQWV QRW LQ PXOWLGLVFLSOLQDU\
FDUH 7KHVH VHOHFWLRQ DQG LQIRUPDWLRQ ELDVHV FRPSOLFDWH
LQYHVWLJDWLRQV LQWR WKH WUXH HIIHFWV RI PXOWLGLVFLSOLQDU\ ZRUNLQJ
2XU VWXG\ SUREDEO\ GLG QRW KDYH WKHVH ELDVHV EHFDXVH WKH
LQWHUYHQWLRQ ZDV SURYLGHG IRU DOO SDWLHQWV ZLWKLQ D JHRJUDSKLFDO
DUHD DQG ZH REWDLQHG WKH VDPH GDWD IURP WKH 6FRWWLVK &DQFHU
5HJLVWU\ IRU SDWLHQWV LQ ERWK LQWHUYHQWLRQ DQG QRQLQWHUYHQWLRQ
DUHDV :H GHILQHG WKH FRPSRVLWLRQ DQG IXQFWLRQV RI
PXOWLGLVFLSOLQDU\ WHDPV DQG XVHG WKH VDPH VHOHFWLRQ FULWHULD IRU
ERWK DUHDV WKXV GLUHFWO\ DYRLGLQJ ZHDNQHVVHV RI SUHYLRXV
DWWHPSWV WR GHWHUPLQH WKH HIIHFWV RI PXOWLGLVFLSOLQDU\ FDUH
2ZLQJ WR WKH ODFN RI D SUHFLVH GHILQLWLRQ RI PXOWLGLVFLSOLQDU\
FDUH DQG WKH YDULDWLRQ LQ SURYLVLRQ RI KHDOWK VHUYLFHV LQ FRXQWULHV
RXWVLGH WKH 8. RXU UHVXOWV FRXOG EH GLIILFXOW WR JHQHUDOLVH
,PSOLFDWLRQV IRU GRFWRUV DQG SROLF\ PDNHUV
0XOWLGLVFLSOLQDU\ FDUH SUREDEO\ LPSURYHV SDWLHQW RXWFRPHV E\
LQIOXHQFLQJ YDULRXV DVSHFWV RI FDUH 7KHVH IDFWRUV LQFOXGH
DGKHUHQFH WR JXLGHOLQHV DQG QXUVH HGXFDWLRQ LQFUHDVHG VXUJLFDO
YROXPH DQG H[SHULHQFH DQG LPSURYHG LQWHUGLVFLSOLQDU\
ZRUNLQJ .LQJVPRUH DQG FROOHDJXHV UHSRUWHG WKDW WKH VXUYLYDO
EHQHILWV RI WUHDWPHQW E\ D VSHFLDOLVW VXUJHRQ LQ EUHDVW FDQFHU
FRXOG EH H[SODLQHG E\ EHWWHU ORFDO DQG UHJLRQDO WUHDWPHQW DV
GHILQHG E\ WKH .LQJ%픀s )XQG FRQVHQVXV VWDWHPHQW  $OWKRXJK
PXOWLGLVFLSOLQDU\ FDUH LV FRQVLGHUHG VWDQGDUG SUDFWLFH LQ PDQ\
FRXQWULHV DFFHVV WR VXFK FDUH VWLOO YDULHV    2XU UHVXOWV
VXSSRUW WKH XQLYHUVDO SURYLVLRQ RI FDQFHU FDUH E\ VSHFLDOLVW
PXOWLGLVFLSOLQDU\ WHDPV )XUWKHUPRUH VLJQLILFDQWO\ LPSURYHG
VXUYLYDO ZDV DFKLHYHG DPRQJ SDWLHQWV DJHG  \HDUV DQG ROGHU
ZKLFK FRXOG EH DQ LPSRUWDQW H[SODQDWRU\ HOHPHQW WR VXSSRUW
WKH LQWURGXFWLRQ RI PXOWLGLVFLSOLQDU\ FDUH IRU FDQFHU
8QDQVZHUHG TXHVWLRQV DQG IXWXUH UHVHDUFK
)XUWKHU ZRUN LV QHHGHG WR XQGHUVWDQG KRZ WKH PXOWLGLVFLSOLQDU\
DSSURDFK DIIHFWV VSHFLILF HOHPHQWV RI EUHDVW FDQFHU FDUH WR
IXUWKHU LPSURYH WKH HIIHFWLYH PDQDJHPHQW RI SDWLHQWV:H IRXQG
WKDW WKH EHQHILWV RI PXOWLGLVFLSOLQDU\ ZRUNLQJ ZHUH JUHDWHVW LQ
ROGHU SDWLHQWV 6LQFH WKH LQWHUYHQWLRQ JXLGHOLQHV ZHUH QRW DJH
VSHFLILF WKH\ FRXOG KDYH JLYHQ VXUJHRQV DQG RWKHU WHDP
PHPEHUV PRUH FRQILGHQFH WR DFWLYHO\ WUHDW ROGHU SDWLHQWV UDWKHU
WKDQ PDQDJLQJ WKHP FRQVHUYDWLYHO\
:H IRXQG WKDW PXOWLGLVFLSOLQDU\ WHDP FDUH IRU EUHDVW FDQFHU ZDV
DVVRFLDWHG ZLWK VXEVWDQWLDO LPSURYHPHQWV LQ VXUYLYDO FRPSDUHG
ZLWK WKRVH ZH PLJKW KDYH H[SHFWHG WR RFFXU 7KH LQWURGXFWLRQ
RI PXOWLGLVFLSOLQDU\ FDUH OHG E\ VSHFLDOLVW EUHDVW VXUJHRQV
SHUIRUPLQJ PRUH WKDQ  RSHUDWLRQV SHU \HDU UHVXOWHG LQ D
GHJUHH RI FHQWUDOLVDWLRQ RI FDUH 7KHUHIRUH PXOWLGLVFLSOLQDU\
WHDPV FRXOG LQFUHDVH HIILFLHQF\ E\ IRVWHULQJ PRUH FHQWUDOLVHG
KRVSLWDO FDUH 2ZLQJ WR D ODFN RI GDWD ZH ZHUH XQDEOH WR H[SORUH
WKH ILQDQFLDO FRVW RI PXOWLGLVFLSOLQDU\ ZRUNLQJ LQ RXU DQDO\VLV
7KHUH LV FOHDUO\ VFRSH IRU UHVHDUFK LQ WKLV WRSLF GRFWRUV DQG
SROLF\PDNHUV DOLNH ZRXOG EHQHILW IURP FRVW HIIHFWLYHQHVV VWXGLHV
RI PXOWLGLVFLSOLQDU\ ZRUNLQJ ZKLFK FRXOG KHOS LQIRUP
LPSOHPHQWDWLRQ RI IXWXUH SURJUDPPHV $OWKRXJK
PXOWLGLVFLSOLQDU\ FDUH IRU FDQFHU KDV EHFRPH VWDQGDUG SUDFWLFH
LQ PDQ\ FRXQWULHV SHUVLVWLQJ YDULDWLRQV LQ DFFHVV WR VSHFLDOLVW
FDUH QHHG WR EH PLQLPLVHG
:H WKDQN %LOO\ 6ORDQ RI WKH :HVW RI 6FRWODQG &DQFHU 6XUYHLOODQFH 8QLW
IRU GDWD OLQNDJH WKH ,QIRUPDWLRQ 6HUYLFHV 'LYLVLRQ RI 1+6 1DWLRQDO
6HUYLFHV 6FRWODQG IRU GDWD FROOHFWLRQ DQG WKH ODWH 'DYLG - +ROH DQG 7LP
* &RRNH IRU WKHLU FRQWULEXWLRQV WR HDUOLHU HYDOXDWLRQV RI EUHDVW FDQFHU
RXWFRPHV DQG WR WKH GHYHORSPHQW RI WKH :HVW RI 6FRWODQG 0DQDJHG
&OLQLFDO 1HWZRUN IRU %UHDVW &DQFHU
&RQWULEXWRUV $OO DXWKRUV FRQWULEXWHG WR WKH GHVLJQ DQG DQDO\VLV RI WKH
VWXG\ (0.ZURWH WKH ILUVW GUDIW RI WKH PDQXVFULSW $OO DXWKRUV FRQWULEXWHG
WR WKH UHGUDIWLQJ RI WKH PDQXVFULSW DQG DSSURYHG WKH ILQDO YHUVLRQ (0.
LV WKH JXDUDQWRU (0. *0$ DQG '60 KDG IXOO DFFHVV WR WKH GDWD LQ
WKH VWXG\ DQG FDQ WDNH UHVSRQVLELOLW\ IRU WKH LQWHJULW\ RI WKH GDWD DQG
WKH DFFXUDF\ RI WKH GDWD DQDO\VLV 7KH RWKHU DXWKRUV KDG IXOO DFFHVV WR
DOO WKH UHVXOWV
)XQGLQJ 7KLV VWXG\ ZDV VXSSRUWHG E\ 1+6 6FRWODQG DQG 8QLYHUVLW\ RI
*ODVJRZ 7KH\ KDG QR UROH LQ WKH VWXG\ GHVLJQ LQ WKH FROOHFWLRQ DQDO\VLV
DQG LQWHUSUHWDWLRQ RI GDWD LQ WKH ZULWLQJ RI WKH UHSRUW DQG LQ WKH GHFLVLRQ
WR VXEPLW WKH DUWLFOH IRU SXEOLFDWLRQ
&RPSHWLQJ LQWHUHVWV $OO DXWKRUV KDYH FRPSOHWHG WKH 8QLILHG &RPSHWLQJ
LQWHUHVW IRUP DW ZZZLFPMHRUJFRLBGLVFORVXUHSGI DYDLODEOH RQ UHTXHVW
IURP WKH FRUUHVSRQGLQJ DXWKRU DQG GHFODUH WKH DXWKRUV KDYH VXSSRUW
IURP 1+6 *UHDWHU *ODVJRZ DQG &O\GH KHDOWK ERDUG (0. *0$ 1+6
6FRWODQG +-*% DQG WKH 8QLYHUVLW\ RI *ODVJRZ :'* '60 IRU WKH
VXEPLWWHG ZRUN QR ILQDQFLDO UHODWLRQVKLSV ZLWK DQ\ RUJDQLVDWLRQV WKDW
PLJKW KDYH DQ LQWHUHVW LQ WKH VXEPLWWHG ZRUN LQ WKH SUHYLRXV  \HDUV
QR RWKHU UHODWLRQVKLSV RU DFWLYLWLHV WKDW FRXOG DSSHDU WR KDYH LQIOXHQFHG
WKH VXEPLWWHG ZRUN
(WKLFDO DSSURYDO 7KH :HVW RI 6FRWODQG &DQFHU 6XUYHLOODQFH 8QLW
REWDLQHG SHUPLVVLRQ WR REWDLQ FDQFHU UHJLVWU\ GDWD ERWK IURP &DOGLFRWW
*XDUGLDQV RI DOO ILYH KHDOWK ERDUGV LQ WKH ZHVW RI 6FRWODQG DQG IURP WKH
LQIRUPDWLRQ VHUYLFHV GLYLVLRQ RI WKH 1+6 LQ 6FRWODQG SULYDF\ DGYLVRU\
FRPPLWWHH
'DWD VKDULQJ 1R DGGLWLRQDO GDWD DYDLODEOH
 $OWKXLV 0' 'R]LHU -0 $QGHUVRQ :) 'HYHVD 66 %ULQWRQ /$ *OREDO WUHQGV LQ EUHDVW
FDQFHU LQFLGHQFH DQG PRUWDOLW\  ,QW - (SLGHPLRO $SULO 
 &KX .& 7DURQH 5( .HVVOHU /* 5LHV /$* +DQNH\ %) 0LOOHU %$ HW DO 5HFHQW WUHQGV
LQ 86 EUHDVW FDQFHU LQFLGHQFH VXUYLYDO DQG PRUWDOLW\ UDWHV - 1DWO &DQFHU ,QVW

 %RWKD -/ %UD\ ) 6DQNLOD 5 3DUNLQ '0 %UHDVW FDQFHU LQFLGHQFH DQG PRUWDOLW\ WUHQGV LQ
 (XURSHDQ FRXQWULHV (XU - &DQFHU 
 7KRPVRQ &6 %UHZVWHU '+ 'HZDU -$ 7ZHOYHV &- ,PSURYHPHQWV LQ VXUYLYDO IRU ZRPHQ
ZLWK EUHDVW FDQFHU LQ 6FRWODQG EHWZHHQ  DQG  LPSDFW RI HDUOLHU GLDJQRVLV DQG
FKDQJHV LQ WUHDWPHQW (XU - &DQFHU 
 %URZQ 6%) 0DOORQ ($ (GZDUGV - &DPSEHOO )0 0F*O\QQ /0 (OVEHUJHU % HW DO ,V WKH
ELRORJ\ RI EUHDVW FDQFHU FKDQJLQJ" $ VWXG\ RI KRUPRQH UHFHSWRU VWDWXV  DQG
 %U - &DQFHU 
 /L &, 'DOLQJ -5 0DORQH .( ,QFLGHQFH RI LQYDVLYH EUHDVW FDQFHU E\ KRUPRQH UHFHSWRU
VWDWXV IURP  WR  - &OLQ 2QFRO 
 3HWR 5 %RUHKDP - &ODUNH 0 'DYLHV & %HUDO 9 8. DQG 86$ EUHDVW FDQFHU GHDWKV
GRZQ E\  LQ \HDU  DW DJHV  \HDUV /DQFHW 
 $WXQ 5 2JDZD 7 0DUWLQ0RUHQR -0 $QDO\VLV RI QDWLRQDO FDQFHU FRQWURO SURJUDPPHV LQ
(XURSH  KWWSVSLUDOLPSHULDODFXNELWVWUHDP&DQFHU&RQWURO
YISGI
 6WLW]HQEHUJ . 0HURSRO 1 7UHQGV LQ FHQWUDOL]DWLRQ RI FDQFHU VXUJHU\ $QQ 6XUJ 2QFRO

 $QGHUVRQ %2 .DXIPDQ &6 .HLO .' &DUOVRQ 5: ,QWHUGLVFLSOLQDU\ FRRUGLQDWLRQ IRU EUHDVW
FDQFHU FDUH D UDWLRQDO DSSURDFK WR GHWHFWLRQ GLDJQRVLV DQG WUHDWPHQW'LV 0DQDJ +HDOWK
2XWFRPHV 
 'HSDUWPHQW RI +HDOWK 8. &DQFHU UHIRUP VWUDWHJ\  ZZZGKJRYXNHQ
3XEOLFDWLRQVDQGVWDWLVWLFV3XEOLFDWLRQV3XEOLFDWLRQV3ROLF\$QG*XLGDQFH'+B
 &OLQLFDO 2QFRORJLFDO 6RFLHW\ RI $XVWUDOLD &DQFHU &RXQFLO $XVWUDOLD DQG WKH 1DWLRQDO
&DQFHU &RQWURO ,QLWLDWLYH  2SWLPLVLQJ FDQFHU FDUH LQ $XVWUDOLD  ZZZ
FDQFHUDXVWUDOLDJRYDXVLWHVGHIDXOWILOHVXVHUXSORDGSXEOLFDWLRQVUHSRUWVRSWLPBFDQFHUB
FDUHSGI
 6HOE\ 3 *LOOLV & +DZDUG 5 %HQHILWV IURP VSHFLDOLVHG FDQFHU FDUH /DQFHW 
 .LQJVPRUH ' 6VHPZRJHUHUH $ +ROH ' *LOOLV & 6SHFLDOLVDWLRQ DQG EUHDVW FDQFHU VXUYLYDO
LQ WKH VFUHHQLQJ HUD %U - &DQFHU 
 )RVNHU &- 'RGZHOO ' 0XOWLGLVFLSOLQDU\ WHDP ZRUNLQJ LQ FDQFHU ZKDW LV WKH HYLGHQFH"
 ZZZEPMFRPUDSLGUHVSRQVHFRVWPGW
 )OHLVVLJ $ -HQNLQV 9 &DWW 6 )DOORZILHOG / 0XOWLGLVFLSOLQDU\ WHDPV LQ FDQFHU FDUH DUH
WKH\ HIIHFWLYH LQ WKH 8." /DQFHW 2QFRO 
 7D\ORU & 0XQUR $- *O\GRGZHOOQQH-RQHV 5 *ULIILWK & 7UHYDWW 3 5LFKDUGV 0 HW DO
0XOWLGLVFLSOLQDU\ WHDP ZRUNLQJ LQ FDQFHU ZKDW LV WKH HYLGHQFH" %0- F
 +RQJ 1-/ :ULJKW ) *DJOLDUGL $ 3DV]DW / ([DPLQLQJ WKH SRWHQWLDO UHODWLRQVKLS EHWZHHQ
PXOWLGLVFLSOLQDU\ FDQFHU FDUH DQG SDWLHQW VXUYLYDO DQ LQWHUQDWLRQDO OLWHUDWXUH UHYLHZ - 6XUJ
2QFRO 
 +RXVVDPL 1 6DLQVEXU\ 5 %UHDVW FDQFHU PXOWLGLVFLSOLQDU\ FDUH DQG FOLQLFDO RXWFRPHV
(XU - &DQFHU 
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:KDW LV DOUHDG\ NQRZQ RQ WKLV WRSLF
&DUH E\ D VSHFLDOLVW FOLQLFLDQ LV DVVRFLDWHG ZLWK LPSURYHG FDQFHU VXUYLYDO
7UHDWPHQW RI FDQFHU KDV LQFUHDVLQJO\ EHHQ SURYLGHG ZLWKLQ FHQWUDOLVHG VSHFLDOLVW PXOWLGLVFLSOLQDU\ WHDPV EXW LW UHPDLQV XQFOHDU ZKHWKHU
VXFK FDUH KDV FRQWULEXWHG WR LPSURYHPHQWV LQ FDQFHU VXUYLYDO
:KDW WKLV VWXG\ DGGV
,QWURGXFWLRQ RI PXOWLGLVFLSOLQDU\ FDUH ZDV DVVRFLDWHG ZLWK VXEVWDQWLDOO\ JUHDWHU LPSURYHPHQWV LQ EUHDVW FDQFHU VXUYLYDO RYHU DQG DERYH
WKRVH WKDW ZHUH H[SHFWHG WR RFFXU KDG WKH DSSURDFK QRW EHHQ LQWURGXFHG
%HQHILWV RI UHFHLYLQJ PXOWLGLVFLSOLQDU\ FDUH IRU EUHDVW FDQFHU YHUVXV FRQYHQWLRQDO FDUH DUH VLPLODU WR WKRVH RI UHFHLYLQJ VSHFLDOLVW FDUH
YHUVXV QRQVSHFLDOLVW FDUH
,QWURGXFWLRQ RI PXOWLGLVFLSOLQDU\ FDUH ZDV DVVRFLDWHG ZLWK WKH UHPRYDO RI SRRUO\ SHUIRUPLQJ KRVSLWDOV DQG UHGXFHG YDULDWLRQV LQ RXWFRPHV
DPRQJ KRVSLWDOV
 )RUUHVW /0 0F0LOODQ '& 0F$UGOH &6 'XQORS '- $Q HYDOXDWLRQ RI WKH LPSDFW RI D
PXOWLGLVFLSOLQDU\ WHDP LQ D VLQJOH FHQWUH RQ WUHDWPHQW DQG VXUYLYDO LQ SDWLHQWV ZLWK
LQRSHUDEOH QRQVPDOOFHOO OXQJ FDQFHU %U - &DQFHU 
 6WHSKHQV 05 /HZLV :* %UHZVWHU $( /RUG , %ODFNVKDZ *5-& +RG]RYLF , HW DO
0XOWLGLVFLSOLQDU\ WHDP PDQDJHPHQW LV DVVRFLDWHG ZLWK LPSURYHG RXWFRPHV DIWHU VXUJHU\
IRU HVRSKDJHDO FDQFHU 'LV (RVSKDJXV 
 1+6 6FRWODQG ,QWURGXFWLRQ RI PDQDJHG FOLQLFDO QHWZRUNV ZLWKLQ WKH 1+6 LQ 6FRWODQG
 ZZZVHKGVFRWQKVXNPHOVBKWP
 .HQGULFN 6 7KH GHYHORSPHQW RI UHFRUG OLQNDJH LQ 6FRWODQG WKH UHVSRQVLYH DSSOLFDWLRQ
RI SUREDELOLW\ PDWFKLQJ ,Q &RPPLWWHH RQ $SSOLHG DQG 7KHRUHWLFDO 6WDWLVWLFV 1DWLRQDO
5HVHDUFK &RXQFLO )HGHUDO &RPPLWWHH RQ 6WDWLVWLFDO 0HWKRGRORJ\ 2IILFH RI 0DQDJHPHQW
DQG %XGJHW 5HFRUG OLQNDJH WHFKQLTXHVۋ SURFHHGLQJV RI DQ ,QWHUQDWLRQDO :RUNVKRS
DQG ([SRVLWLRQ 1DWLRQDO $FDGHPLHV 3UHVV   ZZZQDSHGXFDWDORJSKS"
UHFRUGBLG 
 .HQGULFN 6: &ODUNH -$ 7KH 6FRWWLVK PHGLFDO UHFRUG OLQNDJH V\VWHP +HDOWK %XOO
(GLQEXUJK 
 3KLSSV $, ,FKLNDZD / %RZOHV (-$ &DUQH\ 3$ .HUOLNRZVNH . 0LJOLRUHWWL '/ HW DO
'HILQLQJ PHQRSDXVDO VWDWXV LQ HSLGHPLRORJLF VWXGLHV D FRPSDULVRQ RI PXOWLSOH DSSURDFKHV
DQG WKHLU HIIHFWV RQ EUHDVW FDQFHU UDWHV 0DWXULWDV  
 /DNL ) .LURYD < 6DYLJQRQL $ &DPSDQD ) /HYX % (VWYH 0 HW DO 0DQDJHPHQW RI
RSHUDEOH LQYDVLYH EUHDVW FDQFHU LQ ZRPHQ RYHU WKH DJH RI  ORQJWHUP UHVXOWV RI D
ODUJHVFDOH VLQJOHLQVWLWXWLRQ H[SHULHQFH $QQ 6XUJ 2QFRO 
 (QJHU 60 7KZLQ 66 %XLVW '60 )LHOG 7 )URVW ) *HLJHU $0 HW DO %UHDVW FDQFHU
WUHDWPHQW RI ROGHU ZRPHQ LQ LQWHJUDWHG KHDOWK FDUH VHWWLQJV - &OLQ 2QFRO 
 &DUVWDLUV 9 0RUULV 5 'HSULYDWLRQ DQG KHDOWK LQ 6FRWODQG $EHUGHHQ 8QLYHUVLW\ 3UHVV

 0F/DUHQ *% %DLQ 0 'HSULYDWLRQ DQG KHDOWK LQ 6FRWODQG LQVLJKWV IURP 1+6 GDWD 1+6
6FRWODQG
 'HDV\ & %UD\ -( 6PLWK . :ROIH 5 +DUULVV /5 %HUQDUG 6$ HW DO &DUGLDF DUUHVW
RXWFRPHV EHIRUH DQG DIWHU WKH  UHVXVFLWDWLRQ JXLGHOLQHV LPSOHPHQWDWLRQ HYLGHQFH
RI LPSURYHPHQW" 5HVXVFLWDWLRQ 
 &R[ '5 5HJUHVVLRQ PRGHOV DQG OLIH WDEOHV - 5 6WDW 6RF % 
 6SLHJHOKDOWHU '- +DQGOLQJ RYHUGLVSHUVLRQ RI SHUIRUPDQFH LQGLFDWRUV 4XDO 6DI +HDOWK
&DUH 
 1HZFRPEH 5* 7ZRVLGHG FRQILGHQFH LQWHUYDOV IRU WKH VLQJOH SURSRUWLRQ FRPSDULVRQ RI
VHYHQ PHWKRGV 6WDW 0HG 
 *LOOLV &5 +ROH '- 6XUYLYDO RXWFRPH RI FDUH E\ VSHFLDOLVW VXUJHRQV LQ EUHDVW FDQFHU D
VWXG\ RI  SDWLHQWV LQ WKH ZHVW RI 6FRWODQG %0- 
 .LQJVPRUH ' +ROH ' *LOOLV & :K\ GRHV VSHFLDOLVW WUHDWPHQW RI EUHDVW FDQFHU LPSURYH
VXUYLYDO" 7KH UROH RI VXUJLFDO PDQDJHPHQW %U - &DQFHU 
 :HDYHU '/ 5RVHQEHUJ 5' %DUORZ :( ,FKLNDZD / &DUQH\ 3$ .HUOLNRZVNH . HW DO
3DWKRORJLF ILQGLQJV IURP WKH %UHDVW &DQFHU 6XUYHLOODQFH &RQVRUWLXP &DQFHU

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